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Abstract 
Considerable work has been undertaken to determine an economical 
process to provide sugarcane trash as a fuel for cogeneration.  This paper 
reviews efforts to provide that trash fuel by harvesting, transporting and 
processing the trash with the cane. 
Harvesting trash with the cane has the advantage that cane that would 
otherwise be lost by extracting it with the trash is captured and sugar can 
be produced from that cane.  Transporting trash with the cane significantly 
reduces the bulk density of the cane, requiring substantial changes and 
costs to cane transport.  Shredding the trash at the harvester and 
compacting the cane in the bin prior to transport are possible methods to 
increase the bulk density but both have considerable cost.  Processing 
trash through the sugar factory with the cane significantly reduces sugar 
recovery and sugar quality.  Although considerable knowledge has been 
gained of these effects and further analysis has provided insights into their 
causes, much more work is required before whole crop harvesting and 
transport is an economically viable means of trash recovery. 
Introduction 
The concept of using trash as a fuel for cogeneration of electricity is one that 
has received a lot of attention in recent years.  Botha and Van Den Berg (2009), Bocci 
et al. (2009) and Jais (2010) investigated scenarios where trash was transported to the 
factory and used for cogeneration.  The purpose of the trash recovery is to maximise 
the amount of biomass available so that the cogeneration season can be extended as 
long as possible (Doolan and Lamb, 2009).  More recently, there has been 
considerable discussion about the use of bagasse and trash for the production of 
second-generation biofuels (Dias et al., 2012 for example).  In most of these studies, 
trash is considered as a substitute fuel for the boilers for steam and electricity 
generation so that more bagasse can be made available for biofuels production. 
This paper attempts to define the main issues associated with making trash 
available as a fuel for cogeneration and reviews recent work aimed at addressing those 
issues.  In order to limit the scope, this paper focuses on whole of crop harvesting and 
transport, this being the pathway for which considerable research has been undertaken 
in Australia. 
  
Leaving trash in the field 
Before taking trash from the field for use as a fuel for cogeneration, 
consideration needs to be given to its value in the field. 
The practice of burning cane before harvest is becoming less common as a 
result of environmental pressures (Dias et al., 2012).  The burning of cane consumes 
much of the trash (Mitchell et al., 2000), significantly reducing its availability for 
cogeneration. 
There have been many studies reporting on the advantages of leaving trash in 
the field.  Fortes et al. (2012) argued that trash left in the field plays an important role 
in preserving the fertility and sustainability of the soil.  They reported that trash is an 
important source of carbon and nutrients (potassium, calcium and nitrogen) to the 
soil-plant system.  Olivier and Singles (2012) reported that trash reduces evaporation 
from the soil surface. 
Several models have been developed to predict the benefit of leaving trash in 
the field (Thorburn et al., 2005; Purchase et al., 2008).  Manechini et al. (2005) 
reported an attempt to experimentally determine the amount of trash to be left in the 
field.  Of the 6.7 t/ha to 14.9 t/h total trash in the field, they found that 7.5 t/ha to 
9.0 t/ha was required for weed control and that the amount of trash required to 
preserve yield varied considerably with cane variety, climate and pests. 
Trash pathways 
There are several variations to the process of making trash available for 
cogeneration that have a significant impact on the cost of providing the trash fuel.  
The main variations are presented in Figure 1.  Trash can either be harvested with the 
cane or collected after the cane has been harvested.  If trash is harvested with the 
cane, the trash can either be separated from the cane at a later stage (usually the 
factory) or processed through the factory with the cane.  If the trash is processed 
separately to the cane, it can either be provided as a trash only fuel or mixed with 
bagasse.  
  
 
Fig. 1 – Process pathways in the preparation of trash as fuel for cogeneration 
The pathway being reviewed in this paper is the furthermost left pathway, 
involving harvesting, transport and processing of the trash with the cane to produce a 
bagasse and trash feed for cogeneration. 
Harvesting 
Mechanical harvesting of trash with the cane can be achieved by reducing the 
speed of the harvester extractor fans (Kent et al. 2010).  Reducing the speed of the 
extractor fans has a benefit of reducing cane loss (Whiteing et al., 2001; Kent et al., 
2003).  Perhaps the most consistent data relating cane loss to trash content was 
reported by Linedale et al. (1993).  Those data have been presented graphically in 
Figure 2.  Of the six sets of data presented in Figure 2, all cases involved increasing 
the trash content by about three units and all cases saw the cane loss reduce to close to 
zero.  The data suggest that cane loss can be effectively minimised by allowing an 
additional three units of trash into the cane supply.  Reducing the extractor fan speed 
further to increase trash levels results in minimal additional recovery of cane. 
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Fig. 2 – Effect of trash content on cane loss (data from Linedale et al., 2003) 
Transport 
It is well established that higher trash contents in the cane supply reduce the 
bulk density of the cane and hence reduce the mass of cane that can be transported 
each trip.  Bernhardt et al. (2000) and Eggleston et al. (2012a), for example, provided 
evidence of a reduction in payload with an increase in trash.  One of the difficulties 
with payload measurements is ensuring that the same volume is occupied for each 
mass measurement.  For the burnt cane and whole crop measurements discussed by 
McGuire et al. (2011) for example, mass limits enforced by the local road authority 
prevented the full volume being occupied for their low trash results.  Similar volumes 
were occupied for the data reported by Kent et al. (2003) and those data are presented 
graphically in Figure 3. 
  
 
Fig. 3 – Effect of trash content on payload during transport (data from Kent et al., 
2003) 
Considerable research has been undertaken to try and increase the bulk density 
and hence the payload for cane supplies with high trash content.     
Barnes et al. (2009) aimed to take advantage of the expectation that cane of 
shorter billet length has a higher bulk density (Foster et al. 1977).  They considered a 
different chopping system to that of a conventional cane harvester to enable billet 
length to be varied over a greater range and tested the new design over a range of 
parameters to determine its effect on cane and juice loss during chopping.  While a 
comparison against a conventional cane harvest system found reasonably similar 
losses at a billet length of 200 mm, it was expected, based on work by Hockings et al. 
(2000), that the new system would perform much better relative to the conventional 
system at shorter billet lengths and as the chopper blades wore. 
Spinaze et al. (2002) and Hassuani et al. (2005) reported on shredder fan 
designs to be incorporated in harvester primary extractors for the purpose of 
separating trash from cane, shredding it to improve its bulk density and then 
depositing it into a second in-field transporter for separate transport of the trash. 
Inderbitzin and Beattie (2012) investigated a range of options for increasing 
bulk density including shredding the trash (but depositing it back with the cane 
instead of separating it), reducing the billet length, compacting the cane in the bin, 
vibrating the bin and topping the cane during harvest.  They reported a target bulk 
density of 250 kg/m3.  They distinguished between the in-field haulage task of taking 
cane from the harvester to the road transport pad and the road transport task of taking 
the cane from the road transport pad to the factory.  The increase in bulk density 
achieved by the various systems is summarised in Table 1. 
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Table 1 – Increase in bulk density achieved by Inderbitzin and Beattie (2012) 
System Bulk density 
improvement 
(%) 
Comment 
Shredder fan 14 Tests focussed on minimising pol loss 
Billet length 13 Cane loss cost estimated to be greater than transport saving 
Compaction Large Improvement dependent on pressure applied.  Benefit only 
for road transport (not in-field haulage) 
Vibration 11 Tests on in-field haulage 
Topping 7 Reduced extraneous matter by 20% 
 
Inderbitzin and Beattie (2012) presented the results of a financial analysis to 
assess the overall cost-effectiveness of each strategy and found the lowest costs were 
associated with the shredder fan, compaction or a combination of the two approaches. 
Processing with the cane 
Past work 
The low bulk density or high volume problem for transport of trash with cane 
also has capacity implications at the cane unloading station while the associated flow 
issues also affect the conveying of the cane to the cane preparation station. 
McGuire et al. (2011) examined the effect of trash on crop yield by comparing 
burnt cane harvesting with trash extracted against whole crop harvesting.  The results 
showed an increase in crop yield of 24% with an increase in dry, ash-free fibre yield 
of 40%.  Assuming no increase in season length, these higher rates have to be 
processed through the extraction station of the factory requiring an increase in 
capacity of cane preparation and extraction equipment. 
There has been considerable work to determine the effect of trash on sugar 
production and sugar quality.  Kent (2007) provided a comprehensive review of 
factory-based research to determine the effect of trash.  Kent et al. (2010) updated that 
review and provided further results from long (three-day) tests with different trash 
levels so that sugar production and sugar quality effects would be measured in the 
factory.  Further work has since been reported by Eggleston et al. (2012b).  The 
studies consistently show reductions in sugar recovery and sugar quality with greater 
levels of trash. 
2010 experiment 
Following the methodology of Kent et al. (2010), a further experiment was 
conducted at Condong factory in Australia, investigating the effects of two cane 
supply types: burnt cane with trash extracted (BE cane) and green cane with half of 
the trash extracted (GE0.5 cane).  An experiment consisting of four tests was 
designed, incorporating a four week period processing GE0.5 cane that had been 
previously arranged at Condong factory.  Each test was conducted over two weeks.    
The tests, along with their measurement period, are presented in Table 2.  Each test 
commenced and concluded at 08:00 on the dates shown. 
  
Table 2 – List of tests 
Test Cane supply type Start End 
1 BE 18 Jul 2010 01 Aug 2010
2 GE0.5 08 Aug 2010 22 Aug 2010
3 GE0.5 22 Aug 2010 05 Sep 2010
4 BE 12 Sep 2010 26 Sep 2010
 
The success of the experiment was reliant on the district harvest contractors 
supplying cane to the required specification.  No extraneous matter analysis was 
conducted during the experiments.  The success was judged through the cane fibre 
measurements. 
Figure 4 contains box plots showing the spread of results for each cane supply 
type during each experiment.  The top and bottom of each box marks the minimum 
and maximum measured value and the horizontal white line through each box 
represents the median value.  The figures show that the range of average fibre 
contents for each cane supply type do not overlap, indicating distinctly different cane 
supplies associated with each cane supply type. 
 
Fig. 4 – Average fibre content for each cane supply type 
Pol losses in bagasse, mud and molasses were individually measured, along 
with overall recovery.  The results are shown in Figure 5.  These results show 
increases in pol loss in bagasse, mud and molasses.  While the differences are not all 
statistically significant (difficult to achieve with only four tests), they are consistent 
with the results reported by Kent et al. (2010) and are hence quite convincing. 
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Fig. 5 – Sugar recovery results 
The three main sugar quality parameters for which possible effects of cane type 
were identified—ash, filterability and colour—are shown in Figure 6.  While the ash 
and filterability results were consistent with the results of Kent et al. (2010), the ash 
results were not.  It is noted that the sugar from three of the four tests had an ash 
content of 0.13% while the fourth, from a burnt cane test, had a higher ash content. 
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Fig. 6 – Sugar quality results 
Overall effects 
To summarise the sugar production effects of increasing trash content, taking 
into account the reduced cane loss during harvest as discussed earlier, the effect of 
trash on the cane pol yield and on the produced sugar pol yield were determined, 
based mainly on the results provided by McGuire et al. (2011), Linedale et al. (1993), 
Kent et al. (2010) and the 2010 results presented in this paper.  Figure 7 presents that 
summary.  It is noted that, as the trash content initially starts to increase, there is an 
expected increase in the cane pol yield, corresponding to a reduction in cane loss.  
Once that cane loss has been eliminated, there is no further increase in pol yield.  
Although trash has been found to contain pol, that pol is presumed to be a result of 
juice sprayed onto the trash during the harvesting operation.  Tests reported by 
McGuire et al. (2011) found that the pol on trash deteriorates quickly and is lost 
within typical cut to crush delays.  Considering the sugar pol yield, the reduced cane 
loss largely compensates for the reduced recovery, indicating that increasing the trash 
in the cane supply by several units may be reasonably cost-effective, providing extra 
fuel for cogeneration without impacting significantly on sugar production. 
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Fig. 7 – Predicted effect of trash on cane pol and sugar pol yield 
Kent et al. (2010) and Figure 6 also confirmed a reduction in sugar quality with 
increasing trash levels.  The two parameters for which sugar quality reductions were 
consistently measured were filterability and colour.  Figure 8 and Figure 9 show the 
results of the three sets of factory experiments where filterability and colour 
respectively were measured.  In both sets of tests, cane fibre content was measured as 
an indicator of trash content. 
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Fig. 8 – The measured effect of trash on sugar filterability 
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Fig. 9 – The measured effect of trash on sugar colour 
In addition to the overall effects on sugar production and sugar quality, 
processing of juice from cane with high trash contents has proven to cause significant 
clarification and pan boiling problems (Moller et al., 2010).  Some of these problems 
may have resulted from specific factory limitations at Broadwater factory (including 
limited clarification and filtration capacity) and these limitations may also have 
affected the results presented in Figure 8 and Figure 9.  Further work has been 
undertaken in an effort to understand the effect of trash on the clarification of juice in 
an effort to reduce processing difficulties and improve recovery and quality (Thai et 
al., 2012; Thai and Doherty, 2012).  In particular, slow settling of flocculated mud 
impurities has been identified with juice from high trash cane supplies, caused by high 
levels of proteins, organic acids and polysaccharides. 
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Conclusion  
 Harvesting, transporting and processing trash with the cane provides the 
advantage of minimising the number of process steps involved in trash recovery but 
there are substantial costs incurred in doing so.  The most economical pathway to 
providing trash as a cogeneration fuel has not been identified. 
Harvesting trash with the cane has the advantage that cane that would otherwise 
be lost by extracting it with the trash is captured and sugar can be produced from that 
cane.  Increasing the trash content in the cane supply by about three units by reducing 
the harvester extractor fan speed is most likely sufficient to recover this cane.  It is 
likely that the increased sugar production from the recovered cane is sufficient to 
balance the sugar production inhibiting characteristics of the three units of trash. 
Transporting trash with the cane significantly reduces the bulk density of the 
cane, requiring substantial changes and costs to cane transport.  Shredding of the trash 
at the harvester and compacting the cane in the bin prior to transport are possible 
methods to increase the bulk density but both have considerable cost. 
Processing trash through the sugar factory with the cane significantly reduces 
sugar recovery and sugar quality. Although considerable knowledge has been gained 
of these effects and further analysis has provided insights into their causes, much 
more work is required before whole crop harvesting and transport is an economically 
viable means of trash recovery. 
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